Objective: To reduce wasteful ordering of rare 1,25-OH vitamin D lab tests through use of a noninterruptive decision support tool. Materials and Methods: We conducted a time series quality improvement study at 2 academic hospitals. The titles of vitamin D tests and the order in which they appeared in search results were changed to reflect the purpose and rarity of the tests. We used interruptive time series analyses to evaluate the changes we made. Results: The estimated number of monthly tests ordered at the 2 hospitals increased, by 24.8 and 14.2, following the introduction of computerized provider order entry (CPOE) (both P < .001). When we changed the titles of the tests, the estimated number of monthly tests decreased at the 2 hospitals, by 22.1 and 11.3 (both P < .001). The search order did not affect test utilization. Discussion: Changing catalog names in CPOE systems for infrequently used tests can reduce unintentional overuse. Users may prefer this to interruptive or restrictive interventions. Conclusion: CPOE vendors and users should refine interfaces by incorporating human factors engineering. Health care institutions should monitor test utilization for unintended changes after CPOE implementation.
INTRODUCTION
To deliver high-value care, providers should avoid ordering tests that do not influence clinical decisions. 1 Yet unnecessary laboratory testing occurs commonly in the inpatient environment. [2] [3] [4] Elements contributing to this waste include providers' lack of familiarity with the costs, indications, and performance characteristics of tests 5, 6 as well as a desire to reduce their discomfort with clinical uncertainty. 7 Clinical decision support systems (CDSSs) embedded within computerized provider order entry (CPOE) software display information and recommendations to clinicians about tests or treatments relevant to a specific patient. CDSSs have been shown to reduce wasteful lab utilization, but have important limitations. 8 Many CPOE platforms require costly local CDSS development, 9 and CDSS may rely excessively on interruptive alerts, which can result in clinician "alert fatigue." 10 Without incorporating user-centered design principles into interfaces and CDSSs, CPOE implementation may facilitate wasteful laboratory utilization. 11, 12 After CPOE implementation at our institution, the laboratory reported an unexpected increase in electronic ordering of 1,25-OH vitamin D testing (1,25-VDT) and a decrease in electronic ordering of 25-VDT. Whereas 25-VDT is commonly indicated and sufficient for evaluation of hypovitaminosis D, the 1,25-VDT test is only required for evaluation of rare endocrine problems. During informal discussions with users to identify root causes of the waste, many clinicians acknowledged confusing these similar sounding tests and selecting both rather than seeking guidance. We theorized that our CPOE interface increased incorrect orders because searches for "vitamin D" (1) presented 1,25-VDT first by alphanumeric sorting, and (2) the order window lacked visible guidance about which test to choose. A solution for vitamin D test misordering has been reported, but it relied on interruptive alerts. 11 We performed a quality improvement intervention based on a noninterruptive optimization of the user interface for vitamin D level orders to address our theory about incorrect ordering. We anticipated that a successful intervention would reduce the number of 1,25-OH VDT orders to a level similar to the pre-CPOE period.
METHODS
This quality improvement intervention with time series analysis was conducted between November 2011 and September 2015 at 2 affiliated tertiary care academic hospitals. The hospitals share a CPOE system (Cerner Millennium, Kansas City, MO, USA), which completely replaced paper orders in "big bang" implementations in May 2012 (Hospital A, a university medical center) and September 2012 (Hospital B, an urban safety net and trauma hospital).
Prior to CPOE, ward clerks transcribed handwritten orders onto lab requisitions, interpreting nonspecific orders for vitamin D testing to mean the 25-OH metabolite (Figure 1 ). At go-live, CPOE orders generated lab requisitions that were transmitted electronically to the laboratory computer system, bypassing the clerk. Vitamin D test orders were initially labeled "Vitamin D 1,25 Dihydroxy Level" and "Vitamin D 25 Hydroxy Level" (Figure 1 ). Vendor functionality limited order names to 40 characters and users could access a Web-based test guide with infobuttons next to each test. 13 No reflexive panels or order sets contained 1,25-VDT, although users could add any test to personal order sets.
In November 2014, we implemented intervention Part A ( Figure 1 ). The vitamin D test names were changed to indicate the purpose and relative frequency of each test. The 25-VDT was named "Vitamin D 25-OH COMMON Deficiency Level." The 1,25 VDT test included the phrase "RARE Endocrine d/o"; the word order was adjusted so that 1,25-VDT sorted alphanumerically before 25-VDT at Hospital A and after 25-VDT at Hospital B ( Figure 1 ). In April 2015 we implemented intervention Part B and reversed the alphanumeric sort order of 1,25-VDT and 25-VDT at the 2 hospitals as part of a process improvement cycle to address whether hospital-specific ordering habits might bias evaluation of the effect of sort order on test utilization ( Figure 1 ).
We estimated mean monthly test utilization for 1,25-VDT for 3 time periods: (1) the pre-CPOE period, (2) the initial CPOE period, and (3) the intervention period for each hospital. To evaluate changes between the 3 time periods in 1,25-VDT, we conducted an interrupted time series analysis using an autoregressive correlation with a lag of 1. We conducted a separate analysis for each hospital, examining the number of 1,25-VDT tests per month ordered across time (month and year). Because there was a small number of data points for intervention Parts A and B when analyzed separately, we also reanalyzed our data combining Parts A and B into 1 group to determine whether the small counts affected our inference. To assess for secular trends in hospital patient volume, the monthly average daily census was abstracted from administrative databases.
To evaluate appropriateness, 1 author (A.A.W.) reviewed charts from a sample of 30 randomly selected patients (15 from each hospital) who underwent 1,25-VDT after CPOE and before the intervention.
RESULTS
The number of monthly 1,25-VDT tests increased after CPOE implementation and then decreased following our intervention. The increases in utilization occurred immediately after CPOE implementation at each hospital. The mean monthly numbers of 1,25-VDT tests for Hospital A in the pre-CPOE period, initial CPOE period, and intervention period were 2.8, 28.4, and 1.1, respectively. In Hospital B, the mean monthly numbers of 1,25-VDT tests in the pre-CPOE period, initial CPOE period, and intervention period were 1.3, 15.3, and 1.8, respectively.
Hospital A
Between the pre-and initial CPOE periods, the estimated number of monthly tests ordered at Hospital A increased by 24.8 (P < .001) (Figure 2A ). Compared to the initial CPOE period, the estimated number of monthly tests after the intervention (Part A) was introduced decreased by 22.1 (P < .001). There was no statistically significant difference in estimated number of monthly tests ordered when intervention Part B was introduced, changing the alphanumeric sort order (2.3, P ¼ .13, Figure 2A ). When Parts A and B were treated as a single group, the decrease between the initial CPOE period and the intervention was 24.9 (P < .001) (not shown in graph).
Hospital B
Between the pre-and initial CPOE periods, the estimated number of monthly tests ordered at Hospital B increased by 14.2 (P < .001) ( Figure 2B ). Compared to the initial CPOE period, the estimated number of monthly tests after the intervention (Part A) was introduced decreased by 11.3 (P < .001). There was no statistically significant difference in the estimated number of monthly tests ordered when intervention Part B was introduced, changing the alphanumeric sort order (1.2, P ¼ .24, Figure 2B ). When Parts A and B were treated as a single group, the decrease between the initial CPOE period and the intervention was 11.9 (P < .001) (not shown in graph).
Supplemental Analysis
The chart review from the pre-intervention, post-CPOE period found no indication for 1,25-VDT in 28 of 30 orders (93.3%) and 25-VDT was ordered simultaneously in 40% of patients (12/30).
Patient volume was also comparable; the combined average daily census of the 2 hospitals increased slightly (by 2.4%) from the pre-CPOE to the initial CPOE phase (718.4 patients per day to 735.6 patients per day).
DISCUSSION
In this time series quality improvement study, we found a dramatic rise in unnecessary 1,25-VDT utilization associated with CPOE implementation followed by a sustained reciprocal decrease associated with a minor change in the name of the order. That the increase in 1,25-VDT orders occurred independently at each hospital in concert with CPOE implementation suggests the CPOE interface was responsible for the increase in 1,25-VDT ordering. The decrease occurred at both study hospitals simultaneously following our intervention. It was not statistically significantly associated with a change in the sort order, indicating that displaying the purpose and relative frequency of the test in its name accounted for most of the change in ordering behavior.
Our noninterruptive mechanism to guide clinicians to the correct test more effectively reduced waste than the application's native infobutton decision support. During the initial CPOE and intervention phases, Web-based information about the test could be reached with a single mouse click. However, infobuttons did not inhibit wasteful use of 1,25-VDT before the test name change. Additionally, the prevalence of simultaneous orders for 25-VDT and 1,25-VDT during the pre-intervention period indicates that the infobutton did not deter clinicians from ordering both tests.
Prior system-based solutions for reducing waste of a single test have relied primarily on interruptive or restrictive mechanisms, such as pop-up alerts, forms requiring the clinician to justify the order, and efforts to delete or obscure tests in the order catalog. 8, 11, 14, 15 for 1,25-VDT. Although this solution may not apply to all other types of overutilization, it suggests there may be opportunities to increase innovation in interface changes that are rooted in human factors engineering. For example, CPOE vendors could assist clients by recommending proven default test names. In addition to optimizing naming conventions, future search functions within CPOE might emulate Internet search engines by incorporating information about the user's level of training, specialty, and past orders or the patient's diagnosis to customize how orders are displayed to the user.
Our study has limitations. First, the data comes from a single CPOE software package at 2 academic centers, which may limit generalizability. Other CPOE systems may have different noninterruptive decision support, and providers at our academic setting may be different from other providers and settings. By using a nonrandomized quality improvement design, there may have been unmeasured confounders or temporal trends that contributed to the outcome. However, the presence of a stable baseline and the dramatic changes that followed our efforts suggests unmeasured secular changes or other factors are unlikely to be responsible for the observed effect. We had a limited number of data points to examine changes in the alphanumeric sort order of our intervention, which may have limited our ability to detect differences with this intervention. Also, the small increase in hospital volume over the study period was of insufficient magnitude to explain the changes in test utilization. Finally, these findings may not generalize to tests with complex or nuanced indications that would be difficult to encode succinctly in the name of the test.
Our findings highlight the need for CPOE vendors and users to refine user interfaces by incorporating human factors engineering. Misordering of tests leads to wasted resources and may mislead clinical decisions. Our work points to the need for health care institutions to closely monitor test utilization for unintended changes after CPOE implementation. Lastly, this work demonstrates the potential for subtle but informed changes to the user interface to reduce waste without interrupting physician workflow. 
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